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(57) ABSTRACT

A method of digital phase calibration 1s disclosed. An input
signal 1s sampled using a clock. The sample points of the
sampled signal are changed by a scaler. A phase calibration 1s
performed by adjusting the phase of the scaler to obtain an
optimum phase for the scaler. It 1s determined whether the
input signal represents a static frame and the phase calibration
1s performed only 11 the input signal represents a static frame.
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DIGITAL PHASE CALIBRATION METHOD
AND SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/820,610, filed on Jul. 28, 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mnvention relates to digital signal processing, and more
particularly to a method and system of digital phase calibra-
tion for a TV decoder.

2. Description of the Related Art

Dagital display units (e.g., tlat panel monitors) are often
used for displaying images encoded and transmitted 1n analog
signals. An 1mage source (typically including a digital to
analog converter) generates an analog signal representing
images according to widely used standards such as VGA or
SVGA.

An analog display signal typically comprises a display data
signal and associated synchronization signals. The display
data signal may be viewed as a series of successive portions in
the time domain, each portion generated from a pixel data
clement representing a point of an 1mage. The 1image portions
are typically generated under the control of a source clock,
which drives a digital to analog converter (DAC). The DAC
generates the analog display data according to the source
clock signal.

FIG. 1 1s a block diagram of a conventional display unit,
disclosed 1in U.S. Pat. No. 6,483,447

The digital display unit may comprise analog to digital
converter (ADC) 110, phase adjuster 120, time error detector
130, clock generator 140, variable delay 150, panel interface
160, and digital display screen 170. Digital display screen
170 comprises discrete points commonly referred to as pixels.
Each pixel can generally be controlled individually, and all
the pixels may be activated to various degrees to display an
image on a display screen 170. Panel interface 160 receives
digital pixel data elements representing an image from ADC
110, and generates electrical signals compatible with the dis-
play screen 170 for displaying images represented by the
pixel data elements.

Clock generator 140 may generate a synchronized clock
signal based on the synchronization signals. It 1s often desir-
able that the synchronized clock signal has the same phase
and frequency as a source clock used to generate the accom-
panying display data signal. The frequency and phase of
synchronized clock signal 145 may be determined by the
synchronization signals. A phase adjustment circuit may be
used to adjust the phase of the sampling clock to precisely
track the source clock as described 1n the following. Time
error detector 130, phase adjustor 120, and variable delay 150
recurrent an exemplary implementation of the phase adjust-
ment circuit.

Time error detector 130 may examine the display signals to
determine the timing of the synchronized clock signal 1435
relative to the source clock signal. Time error detector 130
may be implemented 1n a combination of hardware, software,
and/or firmware, but generally requires a structure suificient
for examining the signal level of the analog display data to
determine the t timing of the source clock. Time error detector
130 generates a phase error signal indicating whether the
phase of the source clock 1s earlier than, later than or synchro-
nized with clock signal 145 recerved from clock generator
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140. The phase error signal generated from time error detec-
tor 130 can be 1n one of several forms. For example, an integer
may be used for identifying the amount of phase lead/lag. A
signal line may alternatively be asserted for period of time 1n
proportion to the amount of lead or lag. In another aspect, a
pulse may be generated merely to indicate whether the signals
have lagged, are leading, or are synchronized.

Phase adjustor 120 receives the phase error signal from
time error detector 130 and determines the amount of phase
correction during a current clock cycle (of sampling clock
155). Phase adjustor 120 may operate to include characteris-
tic of a filter to ensure that the phase adjustment does not
unduly oscillate from lead to lag and vice versa. Phase adjus-
tor 120 may be implemented in one of several ways. For
example, phase error 120 may generate a number or analog
signals representing the phase correction. A more detailed
description of an embodiment of a phase adjustor 1s provided
in the following.

Variable delay 150 adjusts the phase of the sampling clock
155 according to the delay indicated by the output of the
phase adjuster 120. Variable delay 150 may be implemented
in a known way. In one embodiment, delay lines of multiple
taps may be used to delay the sampling clock 155.

Although sampling clock 155 and synchronized clock sig-
nal 145 are described as distinct clock signals, phase adjustor
120 may be viewed as adjusting the phase of the sampling
clock as will be apparent to those skilled in the relevant arts.
The phase adjustment may alternatively be performed by
interfacing with a clock generator 1n a closed-loop without
departing from the scope and spirit of the invention as will
also be apparent to those skilled 1n the relevant arts.

Analog-to-digital converter (ADC) 110 samples the dis-
play signals to generate pixel data elements representing an
image. The pixel data elements may be recovered accurately
because the phase of the sampling clock may be adjusted
several times within a horizontal line.

FIG. 2 1s a schematic view of a system implementing
automatic sampling phase control, disclosed in U.S. Pat. No.
6,268,848.

This embodiment comprises an ADC 210, a clock genera-
tor 220, a phase controller 230, an automatic system phase
controller (ASPC) 240, a controller 250, and a display pro-
cessing panel 260. The ADC 210 recerves an analog display
signal RGBIN. The ADC 210 generates digital samples
RGBS at a rate determined by the sampling clock (SCLK).
The SCLK 1s a time delay version of a recovered clock
(RCLK). The RCLK 1s generated by a clock generator 220.
The clock generator 220 1s generally phase locked to the
reference signal associated with the analog display signal.
The phase controller 230 generates the SCLK by delaying the
phase of the RCLK In accordance with the controller 250.

The automatic system phase controller (ASPC) 240
receives the digital samples generated by the ADC 210. The
ASPC 240 processes the digital samples and generates a
numerical value or statistical estimation for each display
frame based on the digital samples. The phase controller 230
1s programmed so that the phase of the SCLK 1s adjusted to
maximize the numerical values generated by the ASPC 240.
The controller 250 receives an output of the ASPC 240. The
display processing and panel 260 recerves the digital samples
(RGBS) and the SCLK. The display processing and panel 260
typically performs more synchronization and processing of
the digital samples before generating a display image.

As described, phase calibration 1s typically implemented in
the ADC by adjusting the phase of the sampling clock. Two
categories of the phase calibration method include manual
and automatic phase calibration methods. Automatic phase
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calibration methods may generate better performance than
manual phase calibration methods. It 1s because automatic
phase calibration methods determine the best phase by con-
ducting statistical calculation on characteristics of the input
signal, whereas manual phase calibration methods may fail to
locate an appropriate phase when processing different input
signal.

BRIEF SUMMARY OF THE INVENTION

Methods of digital phase calibration are provided. An
exemplary embodiment of a method of digital phase calibra-
tion comprises the following. An iput analog signal 1s
sampled using a clock. A scaler calculates and interpolates
samples of the sampled input analog signal. It 1s determined
whether the 1nput signal represents a static frame. I the input
signal represents a static frame, phase calibration 1s per-
tformed by adjusting the phase of the scaler to obtain an
optimum phase for the scaler. In some embodiments, the
optimum phase of the scaler 1s obtained by filtering the scaled
signal, calculating a statistical value of the filtered signal, and
determining whether the statistical value 1s a maximum value.
An exemplary statistical value 1s calculated by summing the
absolute value or square value of the filtered signal.

Systems ol digital phase calibration are provided. An
exemplary embodiment of a digital phase calibration system
comprises a scaler, a filter, a statistical value calculator, and a
phase controller. The scaler interpolates samples of a sampled
signal. The filter extracts components of a particular fre-
quency spectrum of the scaled signal, for example, high fre-
quency components. The statistical value calculator calcu-
lates a statistical value of the filtered signal. The phase
controller, 11 the mnput signal represents a static frame, per-
forms phase calibration, performing phase calibration by
adjusting the phase of the scaler based on the statistical value.

A detailed description 1s given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention can be more fully understood by reading the
subsequent detailled description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 1s a block diagram of a prior art display system;

FIG. 2 1s a block diagram of another prior art display
system:

FIG. 3 1s a schematic view of an embodiment of 1mple-
menting digital phase calibration 1n a down-scaler;

FIGS. 4A~4D are graphs illustrating sampling a 6.75 MHz
data signal by 13.5 MHz sampling rate with four different
phases.

FIG. § 1s a block diagram 1illustrating an embodiment of a
TV decoder having two scalars;

FIG. 6 1s a block diagram illustrating an embodiment of a
scaler with a phase controller;

FI1G. 7 1s a schematic view 1llustrating an embodiment of
scaler imputs and outputs;

FIG. 8 1s a schematic view 1llustrating an embodiment of a
scaler 730 1n FIG. 7;

FI1G. 9 15 a block diagram illustrating an embodiment of a
scaler with a phase controller;

FI1G. 10 1s a block diagram 1llustrating an embodiment of a
system of digital phase calibration;

FI1G. 11 1s a flowchart of an embodiment of a video signal
processing method with phase calibration; and
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FIG. 12 1s a detailed flowchart of an embodiment of the
digital phase calibration method.

DETAILED DESCRIPTION OF THE INVENTION

Several exemplary embodiments of the invention are
described with reference to FIGS. 3 through 12, which gen-
crally relate to digital phase calibration implemented 1n scal-
ers or interpolators. It 1s to be understood that the following
disclosure provides various different embodiments as
examples for implementing different features of the mven-
tion. Specific examples of components and arrangements are
described 1n the following to simplily the present disclosure.
These are, of course, merely examples and are not intended to
be limiting. In addition, the present disclosure may repeat
reference numerals and/or letters in the various examples.
This repetition 1s for the purpose of simplicity and clarity and
does not 1n 1tself dictate a relationship between the various
described embodiments and/or configurations.

In NPTV, the highest frequency 1n the data signal 1s 6.75
MHz, according to the Nyquist Sampling theorem, the sam-
pling frequency has to be greater than two times the highest
frequency to prevent information loss. TV decoders typically
sample the mput signal into 27 MHz digital signal. The TV
signal defined by CCIR 601 only carries 13.5 MHz data, and
the sampled 1mnput signal 1s down-sampled from 27 MHz to a
lower frequency, for example, from 27 MHz to 4 FSC (FSC 1s
the color carrier frequency of N'TSC and PAL, FSC 1n NTSC
1s about 3.58 MHz, and FSC in PAL 1s about 4.43 MHz) for
luminance and chrominance separation, and then from 4 FSC
to 13.5 MHz. Since 13.5 MHz 1s not greater than two times the
highest frequency 6.75 MHz, the sampled data may distorted
il an inappropriate sampling phase 1s selected. Phase calibra-
tion 1s applied to the video decoding system to ensure undis-
torted sampled output by selecting appropriate sampling
phases.

Referring to FIGS. 4A to 4D, the 6.75 MHz data signal 1s
sampled by a sampling clock equal to 13.5 MHz. FIGS. 4A to
4D show different sampling results with the sampling phase
equal to O, p1/4, p1/2, and 3*pi/4, respectively. The spots
represent the sampling results of the 6.75 MHz signal
sampled using13.5 MHz signal. In this case, the amplitude of
the output 1s the greatest when the sampling phase equals to
p1/2, which means p1/2 1s the best sampling phase.

With respect to a video system with digital scaler (interpo-
lation) function, 1t 1s advantageous to implement phase cali-
bration 1n the scaler with the lowest output clock rate.

As shown 1n FIG. 3, for example, ADC 410 samples an
analog signal carrving 6.75 MHz data with a sampling clock
frequency of 27 MHz, and transmits the sampled signal to
down-scaler 430. Down-scaler 430 down scales the sampled
signal to 13.5 MHz. Phase controller 450 determines the
phase of down-scaler 430 to keep the sampling error as low as
possible.

As shown 1in FIG. 5, phase calibration can be performed 1n
ADC 610, or any of the scalers 630, 650. Since the TV
decoder accomplishes burst lock and horizontal synchroniza-
tion (HSYNC) lock 1n scalers 630, 650, it 1s meaningless to
implement phase calibration in ADC 610. Phase calibration 1s
thus 1implemented in scaler 650 which has a lower output
clock rate compared to scaler 630. Scaler 650 performs
HSYNC locking to generate phase for interpolating HSYNC
signals. As shown 1n FIG. 6, phase controller 710 recetves a
synchronization signal and interpolation ratio to generate
phasel. Scaler 730 outputs data according to phase0 recerved
from phase controller 710.
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Phase0 1s used by scaler 730 to determine the interpolation
position. As shown in FIG. 7, the input of scaler 730 1s marked
as X-3~X4, and the mterpolation position (P in FIG. 7) for a
current output sample 1s located based on phase0 with respect
to the position of a current input sample X0. FIG. 8 shows an
embodiment of scaler 730. A coellicient table recerves phase(
to output a set of interpolation coellicients, the output 1s
calculated based on the interpolation coellicients and the
input signal. Referring to FIG. 7, an initial phase of scaler 730
came from a down scaling ratio M (M<1) and the synchroni-
zation signal.

HSYNC locking should adequately be performed to stabi-
lize display frames. I1 a fixed phase offset can be maintained,
the frames are normally displayed even though the input data
are not aligned with the HSYNC signal. A programmable
olfset can be added to phase0 for digital manual calibration.
Referring to FIG. 9, phase controller 1010 generates phase(
according to the synchronization signal and scaling ratio. A
phase oflset 1s then added to phase0, resulting 1n phasel,
which 1s transmitted to scaler 1030 for phase calibration.

Digital phase calibration may be implemented 1n a similar
manner. One statistical value 1s generated for each phase
offset by calculating an absolute value of the scaled signal 1n
one field. The optimum phase offset maximizes the statistical
value. In some embodiments, the statistical value 1s generated
by summing absolute values or square values of the filtered
signal of the scaler output signal.

FIG. 10 1s a block diagram 1llustrating an embodiment of a
system having digital phase calibration function. The system
comprises a scaler 1110, a filter 1130, a calculator 1150, a
phase controller 1170, and a panel 1190.

An ADC (not shown) samples a display signal and trans-
mits the sampled signal to scaler 1110. Scaler 1110 down-
converts (or up-converts) the sampled signals and determines
whether successively mput 1mages fields or frames change
substantially, indicating whether the input signal represents a
static display. If the input signal represents a static display,
scaler 1110 sets a phase offset to 0 and the scaled signal 1s
passed to filter 1130. Filter 1130 filters desired components of
the scaled signal, such as high frequency components, edges,
or peaks. Calculator 1150 calculates a statistical value from
the filtered signal, for example, an absolute value or energy of
the filtered signal. Incrementing the phase offset from O to a
maximum phase offset to find an optimum phase oifset caus-
ing a maximum statistical value.

In some embodiments, phase controller 1170 determines
whether the statistical value 1s greater than a maximum value.
If the statistical value 1s greater than the maximum value,
phase controller 1170 sets the statistical value and the corre-
sponding phase ofiset as the maximum value and an optimum
phase offset respectively. If the statistical value 1s less than or
equal to the maximum value, phase controller 1170 deter-
mines whether the current phase offset 1s equal to the maxi-

mum phase offset. If the current phase oil

set 1s still less than
the maximum phase oflset, phase controller 1170 adds a

predetermined value, to the phase oiffset and passes the
updated phase offset to scaler 1110 for another calculation
and comparison. If the current phase offset 1s the maximum
phase ofiset, phase controller 1170 defines the optimum
phase offsets as the final phase offset, and i1t 1s combined with
the 1nitial phase (phase0) determined by the synchronization
signal and scaling ratio as an optimum phase for scaler 1110.
In this embodiment, phase=phase0+phase oflset (the opti-
mum phase offset).

The phase of scaler 1110 1s calibrated in order to generate
a better scaled signal to be displayed on panel 1190.
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FIG. 11 1s a flowchart of an embodiment of a video signal
processing method. In this embodiment, an 1nitial phase off-
set, a maximum phase oifset, and an incrementing size are
firstdefined. An analog display signal 1s input and sampled by
a clock signal, thus converting the analog display signal to a
digital signal (step S1201) and the scaler interpolates samples
of the digital signal (step S1202) to generate a scaled signal.
An embodiment of the scaler 1s shown 1n FIG. 7. It 1s deter-
mined whether successively input images fields or frames
change substantially (step S1203), indicating whether the
iput signal represents a static display. If the input signal
represents a static display, digital phase calibration 1s per-
formed (step S1204) to obtain an optimum phase for the
scaler. The scaler may use the optimum phase to scale the
digital signal to obtain a better display signal.

FIG. 12 1s a detailed flowchart of an embodiment of the
digital phase calibration method shown 1n S1204 of FIG. 11.

[T

The 1nitial phase offset 1s first set to a predetermined value,
for example 0 (step S1301). The scaled signal 1s passed
through a filter (step S1302). A statistical value such as a sum
ol absolute values of the filtered signal 1s calculated (step
S1303). Next, 1t 1s determined whether the statistical value 1s
greater than a maximum value (step S1304). If the statistical
value 1s greater than the maximum value, the statistical value

and a currently obtained phase offset are set as the maximum
value and the optimum phase offset respectively (step
S1305). I the absolute value 1s less than or equal to the
maximum value, or if the maximum value or optimum phase
olfset have been set, 1t 1s then determined whether the current
phase ofiset 1s equal to the maximum phase oifset (step
S51306). I the current phase offset 1s not the maximum phase
olfset, a predetermined incrementing size, one, for example,
1s added to the phase offset (step S1307), and the process
proceeds to step S1302 for another calculation and compari-
son based on the new phase offset. If the current phase offset

1s the maximum phase oif:

set, the optimum phase offsets 1s
designated as the final phase ofiset (step S1308) for deriving
the optimum phase for the scaler (step S1309).

Methods and systems of the present disclosure, or certain
aspects or portions of embodiments thereof, may take the
form of program code (1.¢., instructions ) embodied 1n media,
such as floppy diskettes, CD-ROMS, hard drives, firmware,
or any other machine-readable storage medium, wherein,
when the program code 1s loaded into and executed by a
machine, such as a computer, the machine becomes an appa-
ratus for practicing embodiments of the disclosure. The meth-
ods and apparatus of the present disclosure may also be
embodied 1n the form of program code transmitted over some
transmission medium, such as electrical wiring or cabling,
through fiber optics, or via any other form of transmaission,
wherein, when the program code 1s received and loaded 1nto
and executed by a machine, such as a computer, the machine
becomes an apparatus for practicing and embodiment of the
disclosure. When implemented on a general-purpose proces-
sor, the program code combines with the processor to provide
a unique apparatus that operates analogously to specific logic
circuits.

While the invention has been described by way of example
and 1n terms of the preferred embodiments, 1t 1s to be under-
stood that the invention 1s not limited to the disclosed embodi-
ments. To the contrary, 1t 1s mtended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.
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What 1s claimed 1s:

1. A method of digital phase calibration, comprising;:

sampling an input signal using a sampling clock to gener-

ate a sampled signal;

calculating and interpolating samples of the sampled signal

by a scaler to generate a scaled signal;
determining whether the scaled signal represents
display; and

performing phase calibration only when the scaled signal

represents the static display, wherein the phase calibra-
tion 1s performed based on the scaled signal by adjusting
the phase of the scaler thereby obtaining an optimum
phase for the scaler.

2. The method of digital phase calibration as claimed in
claim 1, wherein performing phase calibration further com-
Prises:

setting a phase offset to 0;

filtering the scaled signal to generate a filtered signal;

calculating a statistical value of the filtered signal;

determining whether the statistical value 1s greater than a

maximum value; and

if the statistical value i1s greater than the maximum value,

setting the statistical value and a currently obtained
phase ofiset as the maximum value and an optimum
phase oflset respectively.

3. The method of digital phase calibration as claimed in
claim 2, further comprising:

if the statistical value 1s less than or equal to the maximum

value, determining whether the current phase offset 1s
equal to a maximum phase offset;

if the current phase offset 1s less than the maximum phase

olffset, adding a predetermined value to the phase offset
and repeating statistical value calculation and compari-
son based on the currently obtained phase offset to
update the maximum value and the optimum phase oil-
set;

if the current phase offset 1s equal to the maximum phase

ollset, designating the optimum phase offsets as the final
phase ofiset for display adjustment.

4. The method of digital phase calibration as claimed in
claim 3, wherein the scaler interpolates samples of the
sampled signal to generate the scaled signal using the opti-
mum phase derived from an initial phase and the final phase
offset.

5. The method of digital phase calibration as claimed in
claim 4, further comprising generating an 1mitial phase based
on a synchronization signal and an interpolation ratio.

6. The method of digital phase calibration as claimed 1n
claim 2, wherein the statistical value 1s calculated by sum-
ming the absolute value or square value of the filtered signal.

a static
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7. The method of digital phase calibration as claimed 1n
claim 1, turther comprising altering the phase of the scaler by
a programmable phase offset.
8. A system of digital phase calibration, comprising:
5 a scaler, interpolating samples of a sampled signal to gen-
erate a scaled signal;
a filter, coupled to the scaler, filtering the scaled signal to
generate a filtered signal;

a statistical value calculator, coupled to the filter, calculat-

10 ing a statistical value of the filtered signal; and
a phase controller, coupled to the calculator and the scaler,
performing phase calibration only when the statistical
value represents a static display, wherein the phase cali-
y bration 1s performed by adjusting the phase of the scaler

based on the statistical value.

9. The system of digital phase calibration as claimed 1n
claim 8, wherein the phase controller 1mitially sets a phase
ollset to 0, determines whether the statistical value 1s greater
than a maximum value, 1f so, sets the statistical value and a
currently obtained phase ofiset as the maximum value and an
optimum phase oflset respectively.

10. The system of digital phase calibration as claimed in
claim 9, wherein the phase controller determines whether the
current phase ofl:

20

set 1s equal to a maximum phase offset 1f the
absolute value 1s less than or equal to the maximum value,
adds a predetermined value to the phase offset and repeating
statistical value calculation and comparison based on the
currently obtained phase offset 1f the current phase offset 1s
less than the maximum phase offset, and designates the opti-
mum phase offsets as the final phase offset for display adjust-
ment 1f the current phase offset 1s equal to the maximum
phase offset.

11. The system of digital phase calibration as claimed in
claam 10, wherein the scaler interpolates samples of the
sampled signal to generate the scaled signal using the opti-

mum phase dertved from an initial phase and the final phase
olfset.

12. The system of digital phase calibration as claimed in
claim 11, wherein the phase controller further generates an
initial phase based on a synchronization signal and an inter-
polation ratio.

13. The system of digital phase calibration as claimed in
claim 8, wherein the statistical value calculator calculates the

statistical value by summing the absolute value or square
value of the filtered signal.

14. The system of digital phase calibration as claimed in
claim 8, wherein the filter 1s a high pass filter.
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